Objective: There is emerging evidence that e-cigarettes are being used by some to mitigate weight gain after quitting smoking, and being used to help control weight. This study sought to identify and describe patents related to innovations for e-cigarette devices associated and weight loss. Methods: Relevant patents were identified using Google Patents with the core search terms: "electronic cigarette" OR "e-cigarette" OR "vaporizer" OR "vapourizer" AND "nicotine" AND "weight loss" OR "weight control" OR "obesity" OR "hunger" . Patents were reviewed to identify and classify the innovation related to weight loss or weight control. Results: Our search identified 23 unique patents that were filed between 2004 and 2015. Patent applications were sponsored by individual inventors (n = 7), tobacco companies (n = 5), e-cigarette companies (n = 8), pharmaceutical companies (n = 2) and a cannabis company (n = 1). More than half the patents (n = 12) were filed in the United States; other countries included China, Germany, South Korea, and South Africa. Strategies included using e-cigarette devices to deliver constituents to users that support weight loss through altered metabolism, reduced nutrient absorption, suppressed appetite, or supported healthy behavior change. In most cases (n = 18), the innovations detailed in the patents were intended to be used with an e-cigarette device that delivered nicotine to the user. Conclusions: Companies from around the world, and from a range of industries are developing and patenting technologies related to e-cigarettes and weight loss. E-cigarettes may be presented to cigarette users as a possible solution to support smoking cessation and address the fear of weight gain. Implications: This article presents evidence that a range of industries are innovating to design e-cigarettes or constituents to be used with e-cigarettes to deliver a variety of drugs beyond nicotine including weight loss drugs, laxatives, and nutritional supplements. This study may inform surveillance studies to systematically include weight loss as a possible motivation to use e-cigarettes. Further, market surveillance of e-cigarette products needs to monitor ingredients in e-liquids including constituents that have been historically used for weight loss or weight control.
Introduction
One of the reasons that individuals, particularly youth and women, report that they smoke cigarettes, is the belief that smoking can help control body weight. 1, 2 For established smokers, the fear of weight gain is a reported barrier to smoking cessation, 3 and a common reason reported why people relapse after a quit attempt. 4 Most smokers who quit smoking cigarettes experience weight gain within 1 year. 5 The behavioral and metabolic mechanisms through which smoking cigarettes may affect body weight are complex. It is proposed that most metabolic effects, including altered glucose metabolism and increased energy expenditure, are mediated by nicotine. 6, 7 Nicotine further influences body weight by effects on the brain that support increased satiety and decreased appetite. 6, 8 The act of smoking a cigarette may influence behavior by providing an alternative activity to eating, which could result in fewer consumed calories and consequently support weight control. 6 E-cigarettes are devices that generate an aerosol by heating a liquid, often called e-liquid, typically comprised of propylene glycol and/or glycerin. The aerosol is inhaled by the user, and can deliver nicotine into the lungs. It has been suggested by some researchers that e-cigarettes with nicotine may be an important defense against weight gain associated with smoking cessation. 9 E-cigarette aerosol may also contain flavor agents that could fulfill certain sensory experiences including taste and smell, and like cigarettes, provide an alternative activity to eating.
There is emerging evidence that some adult e-cigarette users report using e-cigarettes for weight loss and weight control 10, 11 ; however, it is unclear how many e-cigarette users are primarily or secondarily using these devices for these purposes. E-cigarette users share experiences on social media how using e-cigarettes is associated with weight loss, 12 or how using flavored e-liquids like desserts or fruits or chocolate can satisfy cravings for sweet food. 13 One study reviewed the chemical content of e-liquids and reported that some products include drugs in addition to nicotine including Rimonabant, which was at one time approved for weight loss in Europe. 14 The present study sought to understand what innovations were being patented related to e-cigarettes and weight loss or weight control. Patents have been an important source of data for tobacco control researchers and product regulators to understand industry strategies regarding product design, 15, 16 including e-cigarette design. 17 Patents can provide insight into the direction of product marketing and design innovations made by the industry, and can provide insight into what an industry is capable of doing.
Methods

Sample
Relevant patents, (issued and applications), were identified using Boolean searches in Google Patents. Google Patents searches a comprehensive database of all patents and published applications from 17 patent offices around the world including Canada, China, Europe, Japan, South Korea, and the United States. 18 Iterative searches were conducted between December 2015 and December 2016. Core search terms included "electronic cigarettes" OR "e-cigarettes" OR "vaporizer" OR "vapourizer" OR "A61M15/06" OR "A24F47/008" (International Patent Classification [IPC] terms generally applied to e-cigarettes-IPC codes are used for patent classification by more than 100 countries in the world) (n = 175 043). Searching within this set of international patents, additional search terms were added including: "weight loss" OR "weight control" OR "obesity," AND "nicotine" (n = 90). Finally, iterative search terms were added, including "hunger," "appetite," "satiate," "slimming," "meal replacement," "diet," and "appetite suppressants" to further refine the sample. Patents were included in the final sample if the inventor(s) claimed that their innovation supported weight loss or would satiate hunger.
Analysis
First, descriptive characteristics of the patents were quantified including the country of origin, type of sponsor (eg, tobacco company, e-cigarette company, individual inventor), date of filing, publication date, and date the patent was granted (if applicable). In many instances, the same patent was filed in multiple countries; the country of origin was determined to be the country that had the earliest filing based on date. Second, the patents were reviewed to identify if the innovation described in the patent was to be used with a product that included nicotine or tobacco. Third, the innovation described in the patent was reviewed and classified by the general strategy used to achieve the weight loss or weight control claim.
Results
The team identified 23 unique patents related to weight loss or weight control using e-cigarette devices.
Descriptive Findings
The patents included in the study were filed between 2004 and 2015. Of these, four were granted patents and 19 were applications. More than half of the patents were filed in the United States (n = 12); other countries included China (n = 6), Germany (n = 2), South Korea (n = 2), and South Africa (n = 1). Patents were sponsored by individual inventors (n = 7), tobacco companies (n = 5), e-cigarette companies (n = 8), pharmaceutical companies (n = 2), and a cannabis company (n = 1).
Of the patents identified, most described the innovation(s) to be used with a product that included nicotine or tobacco (n = 18).
Innovation Strategies
Details about each patent (labeled P1-P23) including its unique patent number and innovation strategy are provided in Table 1 . The innovations being patented were classified into 3 weight loss or weight control strategies. Some patents reported innovations that addressed multiple strategies. The strategies are described here:
(1) Adding weight loss drugs or other constituents to the e-liquid to alter body metabolism or nutrient absorption
Most patents identified (n = 20) detailed strategies that involved adding drugs or other constituents to the e-liquid delivered to the user within the aerosol generated by the e-cigarette. Proposed metabolic altering constituents include: capsaicin, bupropion, linolenic acid, oolong green tea, human growth hormones, ephedrine, and fenfluramine. Potential additives that alter metabolic activity, or prevent fat absorption and deposition, include rosemary acid, and green tea (Table 1) . A majority of patents (n = 17) using this strategy for weight loss or weight control also described the innovation to be used in combination with nicotine or tobacco as a constituent of the e-liquid.
(2) Adding appetite suppressants to the e-liquid
The study identified patents (n = 7) that described the addition of appetite suppressing constituents to the e-liquid, including terpenes isolated from cannabis, liquid eggplant, vitamins, herbs, and homeopathic additives (Table 1 ). In addition to these constituents, the inclusion of nicotine in the e-liquid was also described in most (n = 5) of these patents.
(3) Supporting behavior change through biomarker and behavior monitoring
One patent included innovations to support behavior change by integrating e-cigarette user data with a smartphone and other associated hardware such as a pedometer. This permits the user to set a variety of goals related to multiple health behaviors including weight loss. The e-cigarette, described in the patent, keeps track of the volume of nicotine and time that it is consumed. These data can sync to a smartphone where other relevant health data are kept such as the user's blood sugar levels and calorie intake. These data could then be used to inform a schedule of e-cigarette use that may regulate access or use of the device, and/or to manage the composition and concentration of e-liquid for weight control. The device could also support nicotine cessation through similar mechanisms (Table 1) .
Discussion
Tobacco, e-cigarette, pharmaceutical, and cannabis companies, located in multiple countries, have been working to develop e-cigarette products to support weight loss or weight control. Strategies largely rely on adding constituents to the e-liquids. Some of the constituents that are identified as possible additives to e-liquids include licensed drugs that are traditionally ingested and not inhaled. Some identified additives include laxatives, which are a potentially dangerous means to achieve weight loss or weight control. Further, some patents (eg, P18* filed in the United States) identified e-liquid additives such as the drug fenfluramine that have not been available in the US market for decades due to concerns about cardiovascular and pulmonary complications. Several patents described the addition of micronutrients (vitamins and minerals) and other supplements in the e-liquid. Supplements cannot be marketed in the United States as a form of treatment or prevention, but there is evidence that these products are used for weight loss. 19 It is possible that e-liquid containing micronutrients could be advertised in terms of weight control claims, emphasizing the importance of patents research in highlighting future innovations that may warrant regulation.
The findings from this study should be considered within the context of its limitations. First, our search was limited to patents that explicitly used IPC codes commonly applied to e-cigarettes, and/or patents that included the terms "e-cigarettes" or variants, and included the word "nicotine". This search strategy may have missed relevant innovations such as aerosols without nicotine. Secondly, not all patent applications are granted; further, not all patents translate into commercial products and not all innovations are patented. Finally, our search identified patents that make specific claims related to altering metabolism, nutrient absorption, appetite suppression, and behavior change. The efficacy of these claims is unknown. Some innovations included delivering licensed weight loss drugs; however, trials for these drugs may not have included delivery via inhalation. Our searches did not identify any innovations that claimed their product would deliver an aerosol or vapor that would satisfy cravings for foods. There are electronic products on the market which resemble e-cigarettes, such as Slissie, which are advertised as a device that delivers "appetite suppressing flavors," used to support healthy snacking by providing users with an alternative to sweets. 20 It is important to note that worldwide obesity has more than doubled since 1980; obesity contributes to chronic diseases including heart disease, stroke, diabetes, and some cancers. 21 Obesity, like tobacco use, is a complex public health challenge. 9 If e-cigarettes support smoking cessation and are not associated with weight gain (or are associated with weight loss), these devices may help address an important barrier to successful quit attempts and sustained quitting. Such outcomes may result in non-tobacco users initiating e-cigarette use to support weight loss or weight control, and consequently, introduce naïve tobacco users to a potentially addictive product. The uptake of e-cigarettes for weight loss or weight control warrants attention by the public health community and highlights the importance of collecting relevant information through population-level surveillance methods.
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